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Abstract. The Λ0 polarization in νµ charged current interactions has been measured
in the NOMAD experiment. The event sample (8087 reconstructed Λ0’s) is more
than an order of magnitude larger than that of previous bubble chamber experiments,
while the quality of event reconstruction is comparable. We observe negative polar-
ization along the W -boson direction which is enhanced in the target fragmentation
region: Px(xF < 0) = −0.21 ± 0.04(stat) ± 0.02(sys). In the current fragmentation
region we find Px(xF > 0) = −0.09 ± 0.06(stat)± 0.03(sys). These results provide a
test of different models describing the nucleon spin composition and the spin transfer
mechanisms. A significant transverse polarization (in the direction orthogonal to the
Λ0 production plane) has been observed for the first time in a neutrino experiment:
Py = −0.22±0.03(stat)±0.01(sys). The dependence of the absolute value of Py on the
Λ0 transverse momentum with respect to the hadronic jet direction is in qualitative
agreement with the results from unpolarized hadron-hadron experiments.
I INTRODUCTION
A study of the Λ0 polarization in (anti)neutrino nucleon DIS is motivated by sev-
eral reasons. First, a possible longitudinal polarization in the target fragmentation
region can be related to the polarized nucleon strangeness which is a conclusion (in
the framework of quark parton model assuming SU(3)F symmetry and vanishing
gluon spin contribution to the nucleon spin) of DIS experiments with both polarized
beam and target [1]. The authors [2] attempt to explain the negative sign of the
nucleon strangeness and predict that it could manifest itself as a negative (aligned
in the opposite direction to the W exchange boson) longitudinal polarization of
Λ0 hyperons produced in (anti)neutrino nucleon DIS. Second, a measurement of
the longitudinal polarization in the current fragementation region provides a test
of different models for the Λ0 spin structure [3–5] with a clean flavour separa-
tion provided by the nature of neutrino interactions. Last but not least, trans-
verse polarization of Λ0 hyperons has been observed for a long time in unpolarized
hadron-hadron experiments [6], and was never observed in (anti)neutrino nucleon
DIS experiments [7]. This surprizing feature challenges experimental and theo-
retical efforts in this field. The neutrino nucleon DIS is again exceptional due to
the different Λ0 production mechanisms in the target and current fragmentation
regions in contrast to pp scattering. The quark and di-quark fragmentations are
believed to be the subject of the current and target fragmentation regions respec-
tively. Therefore, it is possible to study the transverse polarization in connection
with the different mechanisms of Λ0 production.
II EXPERIMENTAL PROCEDURE AND ANALYSIS
The active part of the NOMAD detector consists of 44 drift chambers located
in a 0.4 Tesla magnetic field. The drift chambers serve as a nearly isoscalar target
for neutrino interactions and as a tracking medium. These drift chambers provide
an overall efficiency for charged track reconstruction of better than 95% and a mo-
mentum resolution of approximately 3.5% in the momentum range of interest (less
than 10 GeV/c). Reconstructed tracks are used to determine the event topology
(the assignment of tracks to vertices), to reconstruct the vertex position and the
track parameters at each vertex and, finally, to identify the vertex type (primary,
secondary, V0, etc.).
Λ0 hyperons appear in the detector as two charged tracks with opposite charges
emerging from a common vertex separated from the primary interaction vertex (V0
-like signature). These events correspond to Λ0 → ppi− decay. The background to
Λ0 decays consists of K0S → pi
+pi−, Λ¯0 → p¯pi+ decays, γ → e+e− conversions, and
random combinations of tracks wrongly labeled as V0s. To identify Λ0 hyperons we
first apply some quality cuts to reject as much as possible of the combinatorial back-
ground, γ-conversions, and secondary interactions, we then perform a kinematic fit
with energy and momentum constraints for each V0 for the final resolution of V0-like
particles. As a result we obtained 8087 reconstructed and identified Λ0 hyperons
with about 4% background contamination in our data sample [8]. This sample is
used for the polarization analysis reported below.
The Λ0 polarization is measured through the asymmetry in the angular distribu-
tion of the protons in the parity violating decay process Λ0 → ppi−. In the Λ0 rest
frame the decay protons are distributed as: 1
N
dN
dΩ
= 1
4pi
(1+αΛP ·k), where P is the
Λ0 polarization vector, αΛ = 0.642 ± 0.013 [9] is the decay asymmetry parameter
and k is the unit vector along the decay proton direction. A fit of the raw angular
distributions of the decay protons in the data can only be performed after correc-
tion for the detector acceptance. To take into account the detector acceptance, and
smearing of the angular distributions we developed a new 3-dimensional method
for the polarization analysis [8]. We used its 1-dimensional option for the results
reported below because of its better applicability to the samples with low statistics
as is the case in the study of the polarization dependence on different kinematic
variables.
The axes are defined as follows (in the Λ0 rest frame):
• nx = eW, where eW is the reconstructed W -boson direction;
• ny = eW × eT/|eW × eT| axis is orthogonal to the Λ
0 production plane
• nz = nx × ny.
III RESULTS AND DISCUSSION
Table 1 displays the results for the polarization of Λ0 hyperons in our sample as
a function of xF . We observe negative longitudinal (“Px”) and transverse (“Py”)
polarizations of Λ0’s which are enhanced in the target fragmentation region. Note
that transverse polarization has never been observed before in (anti)neutrino nu-
cleon DIS experiments. It is believed that the origin of Λ0 polarization is different
in the target and in the current fragmentation regions. Therefore it can be useful
to study Λ0 polarization at xF < 0 and xF > 0 separately.
TABLE 1. Dependence of the Λ0 polarization on xF in νµ CC events (statistical
errors only).
Λ0 Polarization
Selection Entries < xF > Px Py Pz
full sample 8087 −0.18 −0.15± 0.03 −0.22± 0.03 −0.04± 0.03
xF < 0 5608 −0.36 −0.21± 0.04 −0.26± 0.04 −0.08± 0.04
xF > 0 2479 0.21 −0.09± 0.06 −0.10± 0.06 0.02± 0.06
A Target fragmentation region
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FIGURE 1. Longitudinal polarization of Λ0
as a function of W 2 for xF < 0
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FIGURE 2. Transverse polarization of Λ0 as
a function of PT for xF < 0
1 Longitudinal polarization
The dependence of the longitudinal polarization of Λ0 on W 2 at xF < 0 is shown
in Fig. 1. Large negative Px is observed at small W
2, while at larger W 2 the longi-
tudinal polarization vanishes. Such an effect can be interpreted as a manifestation
of the polarized nucleon strangeness due to the larger probability for Λ0 at small
W 2 to include an s−quark originally present in the nucleon, while at larger W 2 the
s−quarks (presumably unpolarized) are also created in the fragmentation process.
The same dependence of Px on Q
2 is observed.
2 Transverse polarization
We have performed a study of the dependence of the transverse polarization on
the Λ0 transverse momentum with respect to the jet direction (pT ) in the target
fragmentation region and found it to be in qualitative agreement (both sign and
shape) with that found in unpolarized hadron-hadron collisions [6]. Also, we
observed no dependence of Py on W
2. These features make possible to conclude
that the origin of the transverse polarization is in the fragmentation process.
B Current fragmentation region
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FIGURE 3. Longitudinal polarization of Λ0 as a func-
tion of z in comparison with predictions from [4] (left) and
[5] (right)
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FIGURE 4. Transverse polariza-
tion of Λ0 for xF > 0 as a function
of PT
1 Longitudinal polarization
Measurement of the longitudinal Λ0 polarization in the current fragmentation
region provides a test of different models for the Λ0 spin structure. A comparison
of our data to theoretical calculations [4] and [5] performed for different models of
the Λ0 spin content (details can be found in [4,5]) is presented in Fig. 3. One can
draw the conclusion that naive quark parton model is favoured by our measurement
while still some progress in theoretical calculations is expected.
2 Transverse polarization
Transverse polarization of Λ0 in the current fragmentation region in neutrino-
nucleon DIS is related to the quark fragmentation processes, therefore it is crucial
to look for its pT dependence. Fig. 4 displays such a dependence.
C Target nucleon effects
Imposing a cut on the total charge (Qtot) of the event we can study Λ
0 polarization
on different target nucleons. We select νµp (νµn)-like events requiring Qtot ≥ 1
(Qtot ≤ 0) with purity of the selection 76% (85%). The results are summarized
in Table. 2. There is a strong dependence of the polarization vector on the target
nucleon. We attribute it to the different contribution of the polarization transfer
from Σ∗,Ξ,Σ0 to Λ0 during their decays into Λ0 in the final state.
TABLE 2. The dependence of the Λ0 polarization on the type of target
nucleon.
Λ0 Polarization
Target Entries Px Py Pz
“proton” 3472 −0.26± 0.05 −0.09± 0.05 −0.07± 0.05
xF < 0 2407 −0.29± 0.06 −0.10± 0.06 −0.09± 0.06
xF > 0 1065 −0.23± 0.09 −0.06± 0.09 −0.02± 0.10
“neutron” 4615 −0.09± 0.04 −0.30± 0.04 −0.03± 0.05
xF < 0 3201 −0.16± 0.05 −0.37± 0.05 −0.07± 0.05
xF > 0 1414 0.01± 0.08 −0.11± 0.08 0.04± 0.09
IV CONCLUSION
Our measurements indicate for many interesting phenomena are hidden in the
nucleon and in the fragmentation process.
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